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P A G E  1 

INTRODUCTION 

This report  i s  the LEM Mass Properties Status  as of 
January 22, 1965 f o r  the Lunar Landed Vehicle. 
a t  Separation i s  29789 pounds, which i s  657 pounds l i g h t e r  than 
t h a t  previously reported i n  L;ED-490-16, dated 1 January 1965. 

The t o t a l  weight 

A swnmary of  changes since the  las t  report  i s  as follows: 

A. Ascent Stage i n e r t  * weight -59 
B. Ascent Stage propellant increase -51 
C. Descent Stage i n e r t  * weight -176 
D. Descent Stage propellant increase -371 

Total LEM weight change a t  Separation -657 

A more de ta i led  breakdown of the changes s ince the las t  
repor t  i s  included on page 3 3 .  

The weight estimate for resizing the LEM vehicle i n  
accordance with reference 4 i s  updated based on c l a r i f i c a t i o n  
of previously obscure areas. Estimates f o r  Landing Gear and 
Reaction Control Subsystems, included herein, were omitted i n  
the  previous report. 

Tne weight report ing mission shown on page 5 i s  the 

2 . Design Reference Mission with a daylight landing described i n  
r e f .  The water quant i ty  w i l l  be updated i n  a subsequent 
repor t  when the water study t o  meet the weight reporting mission 
i s  completed. 
Subsystem, page 27, indicates  the expenditure of Parking Orbit 
Contingency fuel ,  although t h i s  nine hour period is  not included 
i n  the weight reporting mission (or DRM). 

It should be noted t h a t  the Reaction Control 

The quant i ty  of PLSS recharges, L i O H  car t r idges,  water and 
oxygen, were reduced from 6 t o  4 i n  accordance with re f .  
Implementation of the t h i r d  PLSS ba t t e ry  and i ts  provisions a r e  
not  included i n  t h i s  report ,  but w i l l  be incorporated when 
GFE l i s t i n g  i s  updated t o  'include it. The PLSS LiOH car t r idge 
recharges do not appear i n  the  Government Furnished Equipment, 
pages 42 and 43, but  a r e  currently considered common usage items. 

3 . 

* Ine r t  weight includes a l l  non-propulsion expendables. 
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The weight reduction, obtained through the use of 
supe rc r i t i ca l  helium i n  l i e u  of ambient helium f o r  pressuri-  
zat ion of propulsion propellant tanks, i s  i n  t h i s  report. 
The ambient helium tanks, used a s  a base i n  obtaining the 
weight saving, r e f l e c t  the  LEN resizing and the reduced 
s a f e t y  fac tor  changes. 

The preliminary Mass Property History and the Weight 
Mission History By Stages of the Design Weight LEM are 
included i n  t h i s  report  f o r  information purposes only. The 
Control Weight LEM Mass Property History i s  in ten t iona l ly  
omitted from t h i s  report  s ince t h i s  area i s  present ly  un- 
resolved. The tables of Government F’urnished Equipment and 
Pending Changes a r e  a l so  included herein. 

The assumed AV Wtdget of 14094 fps. remains unchanged 
s ince the  l as t  report .  The d is t r ibu t ion  of t h i s  budget i s  
Ascent AV = 6664 fps. and Descent AV = 7430 fps. 

REPOR?  DATE^ Febo LED-4 4 9 6 9  0 
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5 PAGE 

P O R T I N G  MISSION 

'relaunch (Launch Vehicle Fueling) 

hunch 

Garth Parking Orbit 

kanslunar  Inject ion 

kanslunar Coast- Pr ior  t o  

-During TranspositYon 

-Subsequent t o  Transposition 

iunar Orbit- Inser t ion  

-Checkout 
------------ 
;EM Separation and Inser t ion  t o  
Descent Transfer Orbit 

:oast i n  Descent Transfer Orbi t  

Powered Descent (&  Hover) 
- - - - - - - - - - 
--- -  ------ 

owered Ascent 

arking Orbi t  Contingency *** 
oast ing Ascent Transfer 

Rendezvous 

eking 

rew Transfer I. 

ELAPSED TIME: 
FROM 

EARTH LAUNCH 

Hours 
-10 

0 

3 

3 

3 

3 

64 

64 

65 

68 

68 

69 

69 
104 

104 

105 

105 

105 

Minutes 
0 

0 

12 

1 

6 

21 

51 

15 

21 

47 

4 

24 

22 

32 

17 
24 

11 

19 

34 

44 
b r m a n t  LEM Time 

Active LEM Time 
Post-Separation LEM Time 
Total  LEM Period 
* Descent Period - 1 Hour 28 Minutes 

EFORTING MISS101 
(Day Landing) 
For Loading 
Exper 

Hours 

1 0  

2 

60 

1 

2 

34 

ables  
Minutes 

12 

49 

5 

15 

30 

24 

6 

26 

17 

20 

58 

10 

45 

7 

47 

8 

15 

10 

47 
57 
(40) 
44 

**Ascent Period - 1-Hour 27 Minutes 
***The Design Reference Mission (DRM) does not appear t o  have any Parking Orbit Contg.. 
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Table 4 

LEN WEIGHT BY STAGES AT EARTH 
LAUNCH AND LUNAR ORBIT SEPARATION 

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 
10.0 

11.0 
12.0 

4.0 
5.0 
7.0 
8.0 
10.0 

Structure 
Stabilization and Control 
Navigation and Guidance 
Crew Provisions* 
Environmental Control 
Landing 
Instrumectation 
Electrical Power Supply 
Propulsion Inert 
Reaction Control Inert 

-Without Useable Propellant 
-Attitude Propellant 

Communications 
Controls and Displays 

ASCENT 
TOTAL 

1101 3 
67.0 
276.9 
123.3 
317. 2 

190. 5 
968.2 
565 5 

(502.0) 
350.1 
151.9 
120.3 
228.9 

-- 

Inert Totals 

AV Propellant 
-Main Propulsion 
-Reaction Control 

4461.1 

(4884.8) 
4550.5 
334.3 

Totals - Earth Launch 

Crew Provisions 
Environmental Control 
Instrumentation 
Electrical Power Supply 
RCS - Attitude Propellant 

9345 9 

+576 7 
-1.0 
+80.0 
-5.6 
-4.1 

Totals - Separation 9991.9 

DESCENT 
TOTAL 

1208.3 
14.2 
28.0 
20.5 
229.9 
560.0 
175 0 
390. 9 
1352.0 -- 

-- -- 
14.1 -- 

3992.9 

(15905 09) 
15905 9 -- 

19898 8 
-- 
-61.2 -- 
-40.3 -- 

19797.3 

TOTAL 

2309.6 
81.2 
304.9 

547.1 
560.0 
365.5 
1359.1- 
1917.5 
(502. 0 )  
350.1 
1-51.9 
134.4 
228.9 

143.8 

8454.0 

( 20790.71 

334.3 
20456 . 4 

29244.7 

+576.7 
-62.2 

+ 80.0 
-45.9 
-4.1 

29789. 2 

* Without crew, suits, PLSS, radiation dosimeters, etc. (576.7 pounds) . 



7 ?AGE 

STAGE DESCEJVT STAGE 
J-PROPELL. DRY 1 A V-PROPELL. 

Table 5 

LEN CURRENT WEIGHT MISSION HISTORY BY STAGES 

TOTAL 
WEIGHT 

ASCEN 1 DRY MISSION PHASE AND 

CONSUMAEGE DESCRIPTION WEIGHT 

SEPARATION 

Water, Oxygen & Hydrogen 
Descent AV Propellant 

-Main , 

-RCS 
RCS - Atti tude 

5107.1 

- 73.7 

4461.1 EARTH LAUNCH AND 7 TRANSLUNAR I N J E C T I O N  

LUNAR TOUCHDOWN 

Sc ien t i f i c  Samples SEquip. 
Jet t isoned on Lurain 
RCS - Checkout Propellant 

LUNAR LIFT - OFF 

Water, Oxygen & Hydrogen 
Ascent AV Propellant 

-Main 
-RCS 

RCS-Attitude Propellant 

1 
I 

5011.4 

- 70.8 - 4.1 
4958.5 

- 92.9 

- 49.0 
I I I I 

RCS - Checkout 
ECS - Umbilical 

Crew and Equipment 
Water, Oxygen & 

Sc ien t i f i c  Equipment 



Table 6 

LEN DESIGN WEIGHT MISSION HISTORY BY STAGES 

MISSION PHASE AND 1 
2ONSUMAELE DESCRIPTION 

EARTH MUNCH AND 
TRANSLUNAR I N J E C T I O N  

Crew and Equipment 
Water, Oxygen & Hydrogen 
RCS - Checkout Propellant 
ECS - Umbilical Hardware 
Sc ien t i f i c  Equipment 

S R P A R A W  

-3 :-.ding Flare  
Water, Oxygen & Hydrogen 
Descent A V  Propellant 

-Ma i n  
-RCS 

RCS - Atti tude 

LUNAR TOUCHDOWN 

Sc ien t i f i c  Samples & Equi 
Jet t isoned on Lurain 
RCS - Checkout Propellant 

Water, Oxygen & Hydrogen 
Ascent AV Propellant 

-Main 
-RCS 

RCS-Atti tude Propellant 

-I- ~JJRNOUT (DOCKING ) 

ASCEN 
DRY 

WEIGHT 
&LL 
5072.7 

5613 . 7 

-73.7 
5540.0 

-70.0 

5465.9 
-4.1 

-96.6 

-49.0 

5320.3 

5385.0 

-30.9 

5354.1 

5354.1 

- 5016 4 - 337.7 

DESCE 
DRY 

WEIGHT 
(LEE. 

4186.8 

-41.0 

4145.8 

-5.0 
-17.7 

4123 1 

-170.0 
- 395 3 1 

c STAGE 
AV-PROPEL;[ 

WEIGHT 
(LEE. ) 

17355.5 

~~ 

-17355.5 

-17355.5 

TOTAL 
WEIGHT 

-(LEE. ) 

32000. o 

32500.0 

15017.2 
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32 
CAGE 

Ta;ble 7 

LEN WEIGHT COMPARISON 
AT SEPARATION BY STAGES 

1/1/65 
WIGHT 

1. Ascent Stage Weight a t  Separation 10102.5 

1.0 
2. 0 
3.0 
4.0 
5.0 
6.0 
7.0 

8.0 
9.0 

10.0 

11.0 
12.0 

S t m c  tu re  
S tab i l iza t ion  and Control 
Navigation and Gcidance 
C r e w  Provisiocs 
Environmer,tal Control 
Landing Gear 
Instranentat ion - Operational 

E lec t r i ca l  Power Supply 
Propulsion System 

Propulsion I n e r t  
Propellant (Includes 51. % trapped) 

Propulsion I n e r t  
Propellant (Includes 38.w trapped) 

- Sc ien t i f i c  

Reaction Control 

Communi ca t  ions 
Controls and Displays 

11010 3 
70.6 

276 9 
709.0 
316 . 2 

190.5 
80.0 

94101 
(5244.6) 

589.4 
4655.2 
(833.5) 
314.5 
519.0 
115 5 
223.3 

-- 

B. Descent Stage Weight a t  Separation 20343 . 6 

1.0 
2. 0 
3.0 
4. 0 
5.0 
6.0 
7.0 

8.0 
9.0 

11.0 

Structure 
S tab i l iza t ion  and Control 
Navigation and Guidance 
Crew Provisions 
Ehviro-mental Control 
Landing Gear 
Instrumentation - Operational 

E lec t r i ca l  Power Supply 
Propuls ion Sys tern 

- Sc ien t i f i c  

1208.3 
13.7 
28.0 
25.5 

168.7 
410.0 

5.0 
170. o 
322.1 

(17978.2) 
Propulsion I n e r t  1553.5 
Propellant (Includes 169.g trapped) 16424.7 

Communications (Portable) 14.1 

Total Separation Weight (A & B) 30446.1 

CURRENT 
WEIGHT 

222a 
1101.3 

67.0 

700.0 
316.2 

190.5 
80.0 

962.6 
( 511.6 . 0 1 

5140 0 
4602.0 
(832.2) 
311.3 
520.9 
120.3 
228.9 

19797.3 

1208.3 
14.2 
28.0 
20.5 

168.7 
560.0 

5.0 
170.0 
350.6 

(17257.9) 
1182.7 

16075.2 
14.1 

29789.2 

276 9 

-- 

WEIGHT 

-110.6 

0 
-3.6 
0 

-9.0 
0 

0 
0 

+21.5 
(-128.6) 

-75 4 
-53.2 
(-1.3) 

-3.2 
+lo 9 
+4.8 
+5.6 

-546.3 

0 
+.5 
0 

-5.0 
0 

+150.0 
0 
0 

+28.5 
(-720.3 1 
-370. 8 
-349.5 

0 

-656.9 
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PmING CHANGES 

Items l i s t e d  belcw are  those changes considered most imminent 
and/or t h a t  need NASA apprc-val before incorporation. Some of these 
changes m y  be NASA approved but the weight data w a s  not s u f f i c i e n t  
f o r  complete incorporation. 

Estimated Weight Increment 
Ascent Descent Separation 

(Inert*) '(Inertk) (Effect ive)  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Delete the Redmdart Fressurization Feed 
Systen? from the ReactioD Control Sub- 
Systar- Proposed Weight Reductiori. -11.1 

Stage PLSS azd Ektravehicular Garments- 
This weight reductio3 item w a s  
p a r t i a l l y  incorporated with the aban- 
doment of  two meteoroid protect ion 
garments alld oae extercal  thermal 
gam-c?t ' 03 %he Pmar  surface . -97- 0 

Reduce the LEM Hover time by one mfnute - Proposed Weight Reductiori is  i n  
terms of equivalent i z e r t  weight a t  
tou c hdowr, . 

Incorporate the estiniated sti-xture and 
instrumentation charges r e sn l t i ng  from 
the  use of sinpercrit ical  helium i n  
l i eu  of ambient - Weight Redcction 
item. -- 

Iacorpcrate heat  shielding required t o  
protect  the RCS th rcs te r  sxpports. +20.0 

Ir-crease the dcckirzg drogce w2ight 
based or, NAA estimate. t- 8.0 

Incorporate the exper,dable changes 
resil l t igg f r o 3  the  m e  of the Design 
Refereme Mission with a daylight 
lazdiy-g . -- 

Iricorporste t5e iccrease ir trapped prc- 
pe l lan t  resu l t ing  from res iz ing  the 
vehicle e -- 

-47.4 

-32.6 

-1141.6 

-12.9 

'85 3 

+34.1 

* Iriert weight exchdes  A V  Propellant. 

G R U M M A N  A I R C R A I T  E N G I N E E R I N G  C O R P O R A T l O N  



PENDING CHANGES - Cont. 

Estivated Weight Increment 
Ascent Descent 

(Inert*) (Inert*) 

9. Add the ex t ra  PLSS ba t te ry  (Approx. 4#) 
t o  er,able more e f f i c i en t  use of 
oxygen f o r  lunar  excursions. Any 
increase over the present reported 
four excursions w i l l  a lso imrease  the 
quant i ty  and weight of water, oxygen 
and LiOH cartridges.  Addition of 
PLSS ba t t e ry  t o  GFE L i s t  w i l l  add 
ba t t e ry  t o  the reported vehicle. 

10. Iccor-porate wiring chacges based on 
current  schematics when study i s  
complete . 

11. Reduce the qua;?tity and tankage of 
descent supe rc r i t i ca l  helium t o  
meet the requirements of the  STL 
engi-re r a the r  than the in jec t ion  
requirements of the Rocketdyne 
engine . 

* I n e r t  weight exckdes  A V  Propellant. 

-23.7 -51.0 
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GOVTERNMETJT FIBNISHED EQUIPMEI!JT 

This repor t  incorporates Govermnent Furnished Equipment 
Design Weights per re fereme 5 .  Table is  a l i s t i n g  of 
these GFE items and t h e i r  weights. 

It should be noted tha t  the MIT equipment control  weight 

This i s  
of 250 pounds has been d is t r ibu ted  between Navigation and 
Guidance (198.5#) and Coitrols and Displays (41.5#). 
an assumed 'oreakdowi used for pass property purposes. 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  



Table 8 

GOTTFUDENT FUXNISHED EQUIPMENT - DESIGN WEIGHT 

Code 

3.0 

3.1 

- 

4.0 

I t e m  __ 

NavigatPon a rd  Gciciazce 

MIT Eqcipment ( P a r t i a l )  

- 

- IMU 
-AGC 
-AGC/PSk Interconnect-Jn Assy. 
-PSA 
-PS4 Cover - CDU' s 
-Telescope arid Eyepiece 
-Navigation I%se and Momts 
-Book of Procedures 

Czew P o v i s i o m  

Control 
Qty. Weight 

Crew Accessories - CSM Stored a t  Earth Launch 
4.1.1 Pressure Garment. Assembly 2 

-TorsL? Garment W/Integral Boots 
-Waste Management System 
-Helmet (Incl. Visor & EVSTC) 
-Gloves ( p a i r )  

4.1.2 Portable L i f e  Support System - Charged 2 
-Dry PLSS 
-1,iOH Cartridge 
-Water 
-Oxygen 
-Pat tery 
-PLSS rrounted EVSTC and Antenna 

4.1.3 Radiatio;? Dosimeters 

-pap U U L  m ;  7 de - 1 
-,%t-ey Meter (Less Charger & B'ktery) l  

-Persmal  Whole Body 2 

4.1.4 ZiqGid Cooled Garment (Charged) 2 
4.1.5 Bioirstirime.?taticm 1 
4.1.11 Emergency Oxygen System 2 

4.2 Crew - CSM Stored a t  Earth Launch 2 

Crex Accessories - LEM Stored a t  Earth Launch 

Meteoroid Protectior, Garment ( Incl .  viscr) 2 
4.1.6 Thermal Gament - External 2 

4.1.9 Sui t  Repair K i t  1 
4.1.10 PIJSS Calibration Unit 1 
4.1.12 PLSS Spare T a r t s  1 

4.1.8 

4.5.1 Water Probe 
4.5.2 Food, Fackaging and Disinfectant - -  
4.5 3 Medical Eqv.ipment 

-Medications 
-Clir?_ical Listruments 

198.5 

198.5 

642.0 

68.0 

(122.0) 
76.4 

9.0 
16.2 

2.2 
8.2 
10.0 

2.0 
.3 
1.0 
9.0 
2.5 
6.5 

352.0 

26.8 
38.6 
1.2 

.8 
1.6 

05 
9.2 

(3.3) 

(Negligible) 

Remarks 

See Controls and 
Displays below for  
the  remainder of 
t h i s  equipment. 
This i s  an assume6 
d i s t r ibu t ion  of 
the weight pendin6 
r ece ip t  of a MSC 
dis t r ibut ion.  

This is  an assume( 
port ion of the 
weight pending 
r ece ip t  of a M X  
dis t r ibut ion.  

G R U M M A N  A I R C R A f T  E N G I N E E R I N G  C O R C O R A T I O N  
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Table 8 
GOVERNMENT FURNISHED EQUIPMENT - DESIGN WEIGHT - Cont. 

7.0 Znstruxientatioi 

7.3 Sc ien t i f i c  Equipment 
Ascent Stage 
&scent Stage 

1100 Communi c a t  ions 

11.3 Television 
11.3.1 Camera 
l L 3 . 2  Lens 
11.3.3 'I"ne;-mal Equipment 
11 .305  Tripod 

12.0 Controls and Displays 

l2.3.1 MIT Equipment ( P a r t i a l )  
-Eye Register f o r  Reticule 
-Two Digit  Readout fo r  Reticule 
-LGC Displays and Controls 

Control 
Qty. Weight 

250.0 

(250.0) 

170.0 
80.0 

80 8 - 

41-5 

41.5 

Total  GFE Control Weight 1140 . 8 

Remarks 

Includes sample 
containers. 

See ru'avigation ani 
Guidance above fox 
the  remainder of 
t h i s  equipment. 

REPORT LED-490- 
 DATE^ Feb. 196 
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